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ABSTRACT 
Purpose: 
 The overall purpose of this study was to demonstrate effective and sustainable control 
strategies for visceral leishmaniasis (VL) and dengue, two of the most prevalent neglected 
tropical diseases (NTDs), in Bangladesh. 
 The role of active disease surveillance and neem extract intervention to control VL 
was evaluated. For dengue, containers serving as the primary breeding sites of Aedes larvae were 
identified in order to focus on targeted vector control strategies. 
Material and method: 
Active disease surveillance using a simple diagnostic tool, rapid rK39 dipstick test, was 
conducted in a VL endemic area of Bangladesh from 2006 to 2008. During the study period, 
neem oil solution was sprayed in the households of intervention area selected by cluster 
randomization, while no intervention was carried out for the control area. Socioeconomic and 
environmental information was also collected.  
A secondary analysis of a household entomological survey of dengue was done to 
identify the most productive containers for Aedes larvae. The survey was conducted in Dhaka 
from August through October 2000, the peak epidemic period of dengue in Bangladesh. Field 
research assistants looked for the containers with standing water, and for Aedes larvae within the 
containers.  
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Results: 
After 1 year of active disease surveillance in 2007, the number of reported VL cases was 
substantially increased over that of the previous year (RR = 1.38; 95% CI = 1.07 - 1.79). 
However, the incidence of VL in 2008 was significantly lower than in 2006 (RR = 0.19; 95% CI 
= 0.12 – 0.32). Neem oil was not found to be effective in the control of VL. However, the 
proportion of increased case reporting in 2007 was 5 times higher in control area than in 
intervention area. The proportion of decreased case reporting in 2008 was 2 times higher in 
intervention area than in control area. Factors associated with VL included younger age group 
(3-14 years), not having electricity in the household, never using mosquito-control measures, and 
never using a bed net.  
A total of 9222 households and 38 777 containers were inspected for Aedes larvae. 
Overall tires, and the water reserving containers, e.g., tanks, drums, and earthen jars, were found 
to be the most important containers for Aedes larval breeding. Less importance was indicated for 
buckets, and discarded appliances. Ae. aegypti showed higher affinity for indoor containers, 
while Ae. albopictus were dominant outdoor breeder. Independent type of household, having any 
kind of water storage system (i.e., tanks, drums, earthen jars, and buckets) in the household, and 
having fully/partly shaded outdoor premise were significantly associated with household 
infestation of Aedes larvae. 
Discussios: 
The increased incidence rate of clinical leishmaniasis in 2007 may indicate that 
community-based active surveillance using a simple diagnostic tool would be able to 
substantially increase the case reporting. Early case reporting and referral for treatment could 
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significantly reduce the source of infection within the community, which resulted in a notably 
decreased incidence rate of VL in 2008. Although neem oil was not directly found to be effective 
in the control of VL, we may assume that neem intervention, along with active disease 
surveillance, played an important role to decrease the incidence rate of VL. This study also found 
that use of some kind of mosquito-control measures and bed nets were protective against VL. 
However, very few households reported using such measures regularly.  
 Water storage containers which usually contain large volume of water and are never 
emptied were consistently more likely to have Aedes larvae, such as earthen jars, tanks, and 
drums. On the other hand, containers which are relatively smaller in size and are frequently used 
have less chance to be infested with Aedes larvae. Another important breeding site is the tires. 
Usually tires are left abandoned. The collected rain water in tires is an ideal source of Aedes 
larvae.  
Conclusion: 
 Although the unique disease limiting factors of VL make it a potential candidate for 
elimination, massive efforts in community-based active disease surveillance coupled with scaled-
up personal protection measures and integrated vector management interventions are required to 
achieve the goal. Neem oil would be a favorable option as an environment-friendly measure to 
control VL among the marginalized poor of the endemic areas. However, further research 
evidence is required with the support of local government and international organization. 
Until a vaccine, clinical cure, or genetic strategy is available, control of dengue will 
continue to depend on suppression of the vector populations. Generalized community clean-up 
campaigns of vector breeding sites have had only a transient and limited effect on disease 
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incidence. The identification and subsequent elimination of the most Aedes mosquito producing 
containers in a given area may potentially reduce mosquito density below a critical threshold, 
which could result in more efficient and cost-effective control campaigns.  
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1.1 WORLD SCENARIO 
Neglected tropical diseases (NTDs) are a group of disabling infections affecting 
more than 1 billion people worldwide, mostly those living in remote rural areas, urban 
slums or conflict zones; mainly in tropical and subtropical countries. They are called 
neglected because they have been largely wiped out in the more developed parts of the 
world and persist only in the poorest, most marginalized communities. Therefore, NTDs 
have low profile and status in public health priorities as those who are affected are poor 
and have little political voice. NTDs seldom kill directly but cause lifelong misery that 
stunts children's growth, leaves adults unable to function to their fullest and heightens the 
risks of other diseases. NTDs, in particular, are "diseases of poverty". These diseases 
place those most at risk in an endless cycle of poverty that continues from generation to 
generation.  
World Health Organization (WHO) has prioritized 17 most important NTDs result 
from 4 different causative agents: virus, protozoa, helminthes, and bacteria. These are 
dengue/severe dengue, rabies, chagas disease, human african trypanosomiasis (sleeping 
sickness), leishmaniases, cysticercosis/taeniasis, dracunculiasis (guinea-worm disease), 
echinococcosis, foodborne trematodiases, lymphatic filariasis, onchocerciasis (river 
blindness), schistosomiasis, soil-transmitted helminthiases, buruli ulcer, leprosy (Hansen 
disease), trachoma, and yaws. One-sixth of the world's populations suffer from one or 
more NTDs. Worldwide, 149 countries and territories are affected by at least 1 NTDs. 
These diseases tend to occur together in the same geographic cluster. The most shocking 
part is that 100% of low-income countries are affected by at least 5 NTDs 
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simultaneously. Individuals are often afflicted with more than one parasite or infection. 
NTDs kill an estimated 534,000 people worldwide every year. 
 However, NTDs can easily be prevented and managed. Treatment cost for most 
NTD mass drug administration programs is estimated at less than US 50 cents per person 
per year. Following the end of World War II, Japan led an aggressive domestic campaign 
against soil-transmitted helminths, lymphatic filariasis, malaria and schistosomiasis, 
eliminating them as public health threats within only 10 years. Therefore, controlling 
NTDs is a goal that we can achieve within a matter of years, not a generation or lifetime. 
WHO has developed technical guidelines for national programs. The guidelines 
emphasize a coordinated, cost-effective approach to the implementation of national 
elimination and control activities for the NTDs. WHO recommends 3 main strategic 
programs to control NTDs including preventive chemotherapy and transmission control 
(PCT), innovative and intensified disease management (IDM), vector ecology and 
management (VEM) along with improved sanitation, and health promotion. However, 
eliminating these diseases as public health threats by the end of the decade will require 
commitments of stakeholders from across government, industry and civil society as well 
as sustained investments (1, 2). 
 
1.2 NTDs in BANGLADESH 
Bangladesh is a vibrant developing country situated in south-Asia; the region 
known for large population and large number of people affected by communicable 
diseases. It gained independence and became sovereign in the year 1971. During the last 
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four decades, the country has been striving to ameliorate the socio-economic conditions 
and living standards of the people, and to improve the health care delivery and health 
status of the people. 
Bangladesh is bordered by India on western, northern and eastern side. The Bay 
of Bengal surrounds the southern border and a small strip of land adjoins Myanmar. The 
total land area is 147 570 sq km (56 977 sq miles). The climate is tropical with a hot and 
rainy summer and a dry winter and the temperature ranges from about 26° c in January to 
35° c in April. Bangladesh is a low lying country with a wide net work of rivers and 
rivulets and plenty of rainfall. This makes the country prone to frequent and severe 
floods, affecting the crops, livelihood and health of the people. 
There is a huge burden of the NTDs in Bangladesh. The major NTDs prevalent in 
Bangladesh are lymphatic filariasis, visceral leishmaniasis (VL), dengue/severe dengue, 
and soil transmitted helminthiasis (3, 4). As in the other parts of the world, in Bangladesh 
too the NTDs impair the people’s capacity very adversely and accentuate poverty. Each 
disease has pockets of very high prevalence and morbidity.  
Among the NTDs, VL and dengue in Bangladesh were focused in the present 
study. Both VL and dengue are vector borne diseases. VL is transmitted by the bite of 
Phlebotomus argentipes, while dengue is transmitted through Aedes aegypti.  
VL is highly endemic in Bangladesh. Between 1994 and 2013, a total of 109 266 
VL cases with 329 deaths were reported from 37 endemic districts in Bangladesh. The 
Mymensingh district was the most affected with 53 582 (49.04%) cases (5). In 2005, 
Bangladesh, India and Nepal signed a Memorandum of Understanding for joint efforts to 
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eliminate this deadly disease. The target of the VL elimination program is to reduce the 
annual incidence of VL to less than one per 10 000 people at the district or sub district 
level (upazila in Bangladesh, sub district in India and district in Nepal) by 2015. 
However, a recent assessment of existing epidemiological surveillance data in 2013 
revealed that 16 districts in Bangladesh still have the high incidence rate of VL ranging 
from 1.06 to 18.25 per 10 000 people per year (5). Moreover, this assessment was based 
on official notification data only which probably suffered from under-reporting. 
Therefore, urgent initiatives, including community-based active disease surveillance for 
early case detection and management, and effective vector control efforts, needed to be 
established to achieve the goal of VL elimination program.  
In Bangladesh, first large scale outbreak of dengue occurred in 2000 affecting the 
major cities. There were 5 551 cases and 93 deaths reported. The case fatality rate (CFR) 
was 1.7%. Since 2000, it has become a regular phenomenon of occurrence of dengue 
every year. Although the case fatality rate (CFR) remains low due to the improved 
clinical management in the hospitals, the number of cases is sometimes high. In 2002, 
there were 6104 cases and 58 deaths while in 2005, there were 1048 reported cases and 4 
deaths. In 2006 the number of cases and deaths increased by 2 fold as compared to 2005. 
In 2010, 5500 people were infected, with 98 deaths. Therefore, effective and sustainable 
control measures are in high priority to prevent dengue incidence (6). 
In chapter 2, the prospect of active surveillance as an important element of the VL 
elimination program has been demonstrated. The potential role of neem extract as an 
environment-friendly and cost-effective vector control measure in an endemic area of 
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Bangladesh was evaluated. Some risk factors associated with VL incidence in this 
endemic community have also been identified. 
In chapter 3, Aedes larval breeding habitats with special attention to key 
containers have been demonstrated in order to propose effective vector control messages 
specific for each key containers. Some risk factors for the households infested with Aedes 
larvae have also been identified. 
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 1.3 CONTRIBUTION TO THIS WORK 
STUDY 1: ROLE OF ACTIVE DISEASE SURVEILLANCE AND NEEM OIL 
INTERVENTION TO CONTROL VISCERAL LEISHMANIASIS IN 
BANGLADESH 
This study was a collaborative research work between International Centre for Diarrhoeal 
Disease Research, Bangladesh (icddr,b) and the University of Tsukuba. The study was 
conducted in Bangladesh from December 2006 to December 2008. I was part of the 
research team for data management as a member of the Department of Clinical Trial and 
Clinical Epidemiology at the University of Tsukuba. For my doctoral thesis, I performed 
the statistical analysis of the data (Section 2.3.6) and the results obtained are presented in 
this thesis (Section 2.4, Table 2.1 – 2.6).  Results were also published in the journal of 
Tropical Medicine and Health (7). 
STUDY 2: IDENTIFICATION AND MANAGEMENT OF KEY CONTAINER 
FOR AEDES LARVAL BREEDING TO CONTROL DENGUE IN BANGLADESH 
This study was conducted by International Centre for Diarrhoeal Disease Research, 
Bangladesh (icddr,b) during the large outbreak of dengue in Bangladesh in 2000. The 
primary purpose of the study was to identify the areas with high density of Aedes 
mosquitoes in order to prevent the further transmission of dengue. As a part of my 
doctoral thesis, I performed the secondary analysis of the dataset collected from the 
above study with the aim to identify the containers that served as primary producers of 
Aedes larvae during the dengue outbreak, in Section 3.3.4, and 3.4, Figure 3.2 (a, b, c) – 
3.4, and Table 3.1 – 3.4 of this thesis. 
8 
 
1.3 REFERENCES 
1. http://www.who.int/neglected_diseases/en/. World Health Organization. 
Neglected tropical diseases. 
2. http://www.cdc.gov/globalhealth/ntd/. Centers for Disease Control and 
Prevention. Neglected Tropical Diseases. 
 
3. A Situation Analysis: Neglected Tropical Diseases in Bangladesh. Ministry of 
Health & Family Welfare, Government of Bangladesh 2010. 
 
4. http://www.ban.searo.who.int/en/Section3/Section39/Section55.htm. World 
Health Organization/ SEARO. Surveillance, Prevention and Control of Communicable 
Disease. Neglected Tropical Disease. . 
 
5. Chowdhury R, Mondal D, Chowdhury V, Faria S, Alvar J, Nabi SG, Boelaert M, 
Dash AP. How Far Are We from Visceral Leishmaniasis Elimination in Bangladesh? An 
Assessment of Epidemiological Surveillance Data. PLoS Negl Trop Dis 2014. 8(8): 
e3020. 
 
6. Mahmood B, Mahmood S. Emergence of Dengue in Bangladesh a major 
international public health concern in recent years. J Environ Res Manage 2011. 2(3): 
035-041. 
7. Ferdousi F, Alam MS, Hossain MS, Ma E, Itoh M, Mondal D, Haque R, 
Wagatsuma Y. Visceral Leishmaniasis Eradication is a Reality: Data from a Community-
based Active Surveillance in Bangladesh. Trop Med Health 2012. 40(4): 133-139. 
 
 
 
 
 
 
 
 
9 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter 2 
ROLE OF ACTIVE DISEASE SURVEILLANCE 
AND NEEM OIL INTERVENTION TO 
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2.1 SUMMARY 
 Visceral leishmaniasis (VL), or kala azar, is one of the most neglected tropical 
diseases in the world, affecting the poorest segments of rural populations. In Bangladesh, 
more than 20 million people are considered at risk of developing VL. According to the 
Directorate General of Health Services (DGHS) in Bangladesh, a total of 70 170 VL 
cases were reported throughout the country during the last 10 years (1999-2010). 
However, these official figures are thought to represent a gross underestimate. On the 
other hand, neem (Azadirachta indica A, Juss) as well as some other environment-
friendly and easily bio-degradable natural insecticides of plant origin has received much 
attention for control of medically important arthropods responsible for vector-borne 
diseases. Therefore, to assess the magnitude of VL and to explore the potential role of 
neem extract on disease incidence, a community-based intervention study coupled with 
active disease surveillance was conducted in 8 randomly selected villages in a highly 
endemic area of Bangladesh from 2006 to 2008. 
 A total of 6761 individuals living in 1550 mud-walled houses were included in 
the active surveillance. Rapid rK39 dipstick tests were conducted throughout the study 
period to facilitate the case diagnosis. Individuals with previous or current clinical 
leishmaniasis were identified on the basis of the case definition of the VL elimination 
program. Untreated cases of suspected VL were referred to the hospital for treatment. 
Socioeconomic and environmental information including bed net use was also collected. 
In the intervention households (n = 770), 300 ppm diluted neem oil was sprayed bi-
weekly during the summer (April to September) and monthly during the remaining 
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months (October to March) from December 2006 to December 2008. No intervention 
was carried out for the control households (n = 780). 
 In 2006, the annual incidence of clinical leishmaniasis in the study area was 141.9 
cases per 10 000 population, which was significantly increased by the following year 
owing to community-based active surveillance for case detection and reporting. However, 
early case detection and early referral for treatment led to a significant decrease in the 
incidence rate in 2008. Factors associated with VL included younger age group (3-14 
years) (RR = 2.17; 95% CI = 1.39 – 3.37), not having electricity in the household (RR= 
2.99; 95% CI= 1.56 – 5.75), never using mosquito-control measures (RR = 1.41; 95% CI 
= 1.03 – 1.92), and never using a bednet (RR = 1.96; 95% CI = 1.40 – 2.75). Neem oil 
was not found to be effective in the control of VL; rather, the VL incidence was slightly 
higher in the intervention area. Probably the result was confounded by some variables, 
e.g., better socioeconomic condition and higher rate of using mosquito-control measures 
including bednets in the control area. However, the proportion of increased case reporting 
in 2007 was significantly higher in control area than in intervention area (z = 5.72; 95% 
CI = 0.0069 – 0.0139, p < 0.0001). The proportion of decreased case reporting in 2008 
was significantly higher in intervention area than in control area (z = 2.16; 95% CI = 
0.0004 – 0.0133, p = 0.03). Therefore, we may assume that neem intervention, along 
with active disease surveillance, played an important role to decrease the incidence rate 
of clinical leishmaniasis.  
 However, massive efforts in community-based active disease surveillance 
coupled with scaled-up personal protection measures and integrated vector management 
interventions are required to achieve the goal of the VL elimination program. Neem oil 
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intervention would be a favorable option for vector management. Further research 
evidence and innovative application technique is required with the support of local 
government and international organization.  
 
2.2 INTRODUCTION 
2.2.1 Disease Overview 
Visceral leishmaniasis (VL) is the most severe form of leishmanises group of 
disease. The other 2 forms of leishmaniasis are cuteneous leishmaniasis and 
mucocuteneous leishmaniasis. VL is also called kala-azar (KA; “black fever” in Hindi), 
“dum-dum fever” or “ponos”  (1). It is caused by the intracellular protozoan parasite 
Leishmania donovani and transmitted by female sandfly vectors Phlebotomus argentipes. 
It is one of the most neglected tropical diseases in the world affecting the poorest 
segments of rural population. 
VL is characterized by symptoms such as irregular bout of fever, malaise, weight 
loss and loss of appetite. Clinical signs include anaemia, wasting, skin darkening, 
enlargement of spleen, liver and, sometimes lymph nodes. Case-fatality rate of VL is 
100% if not treated and nearly 10 % even after treatment (2). 
Risk factors for the disease include male gender, young age, selected occupations 
(e.g. farming), poor economic conditions, malnutrition, and immuno depression (3, 4). 
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2.2.2 Disease Epidemiology 
VL is highly endemic in the Indian subcontinent and in East Africa. An 
estimated 200 000 to 400 000 new cases of VL occur worldwide each year. Over 90% of 
new cases occur in six countries: Bangladesh, Brazil, Ethiopia, India, South Sudan, and 
Sudan (5). In the Indian subcontinent, it has become a serious public health issue with 
500 000 new cases, 60 000 deaths and 1.6 million disability–adjusted life years (DALYs) 
per year (6, 7). 
VL is the main form of the disease in South-East Asia and in the Mediterranean 
Basin. In South-East Asia, transmission generally occurs in rural areas below 600m 
above sea level, with a heavy annual rainfall, with a mean humidity above 70%, a 
temperature range of 15–38 °C, abundant vegetation, subsoil water and alluvial soil. The 
disease is most common in agricultural villages where houses are frequently constructed 
with mud walls and earthen floors, and cattle and other livestock live close to humans. In 
the Mediterranean Basin, VL occurs in rural areas, in villages in mountainous regions and 
also in some periurban areas, where Leishmania parasites live on dogs and other animals. 
VL in the Americas is very similar to that found in the Mediterranean Basin. The habit of 
keeping dogs and other domestic animals inside the house is thought to promote human 
infection. There are also frequent outbreaks of VL in the northern Acacia–Balanite 
savanna and the southern savanna and forest areas of East Africa where sandflies live 
around termite mounds (5). 
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2.2.3 VL in Bangladesh 
VL was first described in 1824, in Jessore district of Bengal which is now 
Bangladesh. VL appeared to have spread along the courses of the Ganges and 
Brahmaputra rivers, the major transport routes. In these early outbreaks, the case-fatality 
rate was reported to be more than 95 per cent. The epidemic that occurred in Jessore from 
1824 to 1827 reportedly killed 75 000 people. The first affected village in Dhaka district 
is said to have disappeared from the map (8, 9). 
VL epidemic peaks were recorded in Bengal in the 1820s, 1860s, 1920s, and 
1940s. During 1960s VL was almost eliminated in Bangladesh as a mutual effect of 
malaria eradication program (MEP). The effort was largely based on the widespread 
indoor residual spraying with DDT.  However, a resurgence of the disease occurred 
during late 1970s when the large scale use of DDT was ceased. There have been sporadic 
VL cases in the 1970s, and an outbreak occurred in Pabna district in 1980. The districts 
most affected in the early 1980s were reported to have been Sirajganj, Pabna, 
Mymensingh, Rajshahi and Tangail (8-11).  
At present, 34 out of 64 districts of Bangladesh reported to have VL cases. 
According to Malaria & Parasitic Disease Control Unit (M&PDC), Directorate General 
of Health Services of Bangladesh, Mymensingh produces highest number of VL cases 
during the last 10 years (1999–2008). A total of 70 170 KA cases were reported 
throughout the country and 41 168 of them (60%) were from Mymensingh district (12).  
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2.2.4 VL in Japan 
Japan is not endemic for VL. All leishmaniasis patients have been imported cases, 
including over 300 VL, seven PKDL (post kala-azar dermal leishmaniasis), and about 60 
cutaneous leishmaniasis cases. In addition, several imported canine leishmaniasis cases 
have been recently recognized. First case of VL in Japan was reported in 1911. Among 
other reported VL cases, 218 were soldiers who returned from the People’s Republic of 
China before and after World War II during 1940s (13, 14). 
 
2.2.5 The Vector 
There are 500 species of phlebotomine species, also known as sandflies, of these 
about 30 species of the female Phlebotomous belonging to six genera are suspected 
vectors of transmitting parasites. However, Phlebotomus argentipes is the only proven 
vector of VL in Indian subcontinent. They are small (approximately 2–3 mm in length), 
hairy and soundlessly flying insects. They are found around human habitats and breed in 
specific organic wastes such as feces, manure, rodent burrows, leaf litter and in dark 
corners in the crevices of the walls having high humidity and temperature. They are poor 
flyers and have a flight range of a few kilometers, usually fly quite low and remain in the 
vicinity of their breeding ground.  They are unable to fly in the presence of any wind 
produced by fan or ventilator also. They require moist soil rich in organic and 
nitrogenous matter to breed. The larval stages of sandfly present in alluvial or alkaline 
soil. The damp and dark corners of cattlesheds, where humus is present, and the cracks 
and crevices in the walls are favourable conditions for P. argentipes breeding. The larvae 
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cannot survive drying out; they will feed on organic waste and then pupate. The female 
sandfly needs blood in order to obtain the protein necessary to develop its eggs. In its 
search for blood they cover a radius of a few to several hundred meters around its habitat. 
They become active from dawn to dusk (15, 16). 
 
2.2.6 Disease Transmission 
VL is predominantly transmitted through the bite of an infected female 
phlebotomine sandfly. However, vertical and parenteral transmissions (through blood 
transfusions and needle sharing) have also been reported (17, 18).  
Beside humans, numerous rodent and canine species have been incriminated as 
reservoirs. Several animal reservoirs have been identified in different countries for 
leishmaniasis. Female sandflies transmit the parasites from animal to animal, animal to 
man, and man-to-man. In India, however, the species Phlebotomous argentipes transmits 
the disease from man-to-man (19). 
The parasite Leishmania donovani has 2 asexual stages of life cycle. In the insect 
vectors, the parasite is found in a promastigote form which is characterized by elongated, 
motile and an extracellular stage. In vertebrates the parasite is found in amastigote form. 
The amastigotes are ovoid, nonmotile and intracellular stage. The vector injects 
promastigotes into the host’s skin and soon after the parasite is taken-up by skin 
macrophages where the promastigotes transform into amastigote form within 12–24 h of 
inoculation. After transformation, the amastigotes multiply within the macrophage and 
ultimately the macrophage bursts releasing the amastigotes to infect other macrophages. 
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This stage is chronic in nature and may continue for months to years and even for the life 
time without noticeable signs and symptoms, depending upon the host susceptibility and 
its immune status. In case of VL, the infected macrophages disseminate to other 
organs,e.g., liver, spleen, and bone marrow. The amastigotes are taken up by the sandfly 
after a blood meal. The transformation of amastigotes to promastigotes starts within 
hours of ingestion.  Amastigotes completely transformed into motile promastigotes 
within 24–48 h and keep on dividing by binary division. The mature metacyclic 
promastigotes are accumulated in the midgut and foregut of the vector. The sandfly 
transmit the infection during the another blood meal on the same or another host species 
(15). 
 
2.2.7 Visceral leishmaniasis elimination program 
Availability of a highly sensitive and specific rapid diagnostic test (rK39), an 
increasing number of treatment options, and the unique anthroponotic features of the 
sandfly vector make VL a potential candidate for elimination. The unique disease 
limiting factors of VL in the Indian subcontinent include Phlebotomus argentipes as the 
only vector, humans as the only reservoir, and a defined geographical distribution of the 
disease. Therefore, a campaign to eliminate VL has been initiated in the indian 
subcontinent with the support of WHO since 2005.The health ministers of Bangladesh, 
India and Nepal signed a Memorandum of Understanding for joint efforts to eliminate 
this deadly disease. The target of the VL elimination program is to reduce the annual 
incidence of kala azar to less than one per 10 000 at the district or sub district level 
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(upazila in Bangladesh, sub district in India and district in Nepal) by 2015. Early case 
detection and treatment together with integrated vector management and health education 
within the endemic communities are the main strategic pillars of the VL elimination 
program (20, 21). 
Delays in case detection and treatment remain a problem in the control of VL 
despite some advancement in diagnostics and treatment. The current approach to VL in 
the region is based on ‘‘passive case detection,’’ i.e., patients are treated if they present 
themselves to a health care provider. Given the low uptake of health services in this 
region, the overall effectiveness of the VL elimination program would be maximized if 
the case detection is organized in a more active manner. 
 
2.2.8 Current vector control strategies 
Current vector control strategies are tailored towards reducing the source of the 
vector by destroying the breeding sites and minimizing the transmission by interrupting 
vector-man contact.  
Residual spraying of houses and cattle shelters with chemical insecticides, e.g., 
DDT, pyrethroids, malathion, have been demonstrated effective against the Phlebotomine 
vector (22-24).  However, the effectiveness of spraying is not the only issue of concern, 
other problems are the side effects on human health and environment and their 
sustainability. Several factors such as cost of the insecticides, the logistic constraints low 
acceptance by the community and low community participation and the emergence of 
resistance affect the long term effectiveness and sustainability of these interventions (25).   
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There are also many studies showing that chemical insecticide treated bed-nets 
(ITN) and curtains are effective measures to control VL (26-29). However, ITN may not 
reduce the number of female sandfly (30). And also, these chemicals are too expensive 
for routine public health use, and, like residual spraying, there is a chance to develop 
resistance in insects. 
Some studies also suggest the environmental control of the vector by destroying 
rodent burrows (31), plastering all the cracks and crevices by mud and lime (32) and 
constructing cement skirting on the floor (33). For biological control, the information is 
available only for laboratory settings (34-36); as the application of biolarvicides in the 
field condition is difficult due to diverse breeding habitat of sandfly and, therefore, their 
practical application appears to be of limited use in the control of VL. Therefore, a cost-
effective, environment-friendly and well-accepted vector control measure for VL is a 
high priority.  
 
2.2.9 Neem oil for vector control 
Neem (Azadirachta indica A, Juss) is a tree commonly found in Indian sub-
continent and can also grow in most arid sub-tropical and tropical areas of the world (37). 
In Sanskrit, it is called "cure of all ailments" and has been used for various purposes as 
“Ayurvedic medicine” since ancient times. Various neem products, such as leaves, twigs, 
and seed oil have been found to be effective for protecting human from various pathogens 
and parasites where no side effect was observed (38). In recent years, neem oil as well as 
some other environment-friendly and easily bio-degradable natural insecticides of plant 
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origin has received much attention for control of medically important arthropods which 
are responsible for vector-borne diseases, such as malaria, leishmaniasis, dengue, and 
filariasis (39-42). 
Neem oil is extracted from its seeds and is composed of six complex 
tetranortriterpenoid limonoids, namely azadirachtin, salannin, deacetylgedunin, gedunin, 
17-hydroxyazadiradione and deacetylnimbin. Their complex chemical structures make 
them difficult to develop any kind of resistance in insects. Among its compounds, 
azadirachtin was found the most effective against more than 400 species of insects and 
mites (40, 43). It acts as repellent, deterrent, anti-feedant and growth regulator rather than 
directly killing the insects (39-41, 43). Recently, neem oil has been registered as an 
agrichemical by the Food and Drug Administration (FDA) in the U.S., Ministry of 
Health, Labor and Welfare in Japan and the Australian Pesticides and Veterinary 
Medicines Authority (APVMA) in Australia (42). 
A number of studies demonstrated the effectiveness of neem limonoids against 
malaria vector in laboratory settings (41, 44, 45). There are also many studies in field 
settings with variety of application methods suggesting the effectiveness of neem oil 
against malaria vector; like applying neem oil mixed with coconut oil to the exposed part 
of the body (46), burning kerosene lamp with neem oil (47, 48), spraying neem oil-water 
emulsion (45, 49) or neem extract powder (50) to known breeding habitat. Neem oil was 
also found effective against filaria vector (Culex quinquefasciatus; Diptera: Culcidae) 
(49, 51) and dengue vector (Aedes aegypti; Diptera: Culicidae) (45, 49) in the field 
settings. Some reports suggest a role for neem oil against the sandfly vector in laboratory 
settings (52-54), however, there is a little study in field settings. 
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Neem oil would be a promising option to control VL as well as other vector 
borne diseases. However, research evidence is required to demonstrate the effectiveness 
of neem oil against VL. 
 
2.2.10 Purposes of the study  
1. To provide information regarding the VL burden in endemic communities of 
Bangladesh in the early phase of the eradication program and to identify some of the 
risk factors associated with VL in these areas. 
2. To demonstrate the prospect of active surveillance as an important element of the 
VL elimination program. 
3. To evaluate the potential role of azadirachtin (neem extract) to control VL in an 
endemic area of Bangladesh.  
 
 
2.3 MATERIALS and METHODS 
2.3.1 Study area 
Mymensingh is the most endemic district for VL in Bangladesh. Every year, more 
than 60% of the total VL cases reported in Bangladesh are from this district. The present 
study was conducted in Trishal, one of the highest VL case-reporting subdistricts of 
Mymensingh. Trishal consists of 12 unions with an area of 339 km
2
 and 80 000 
households comprising a total population of 372 000 according to the 2001 census. Two 
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unions of the Trishal subdistrict were chosen for the study because they had the highest 
incidence rates of VL according to hospital data in 2003. From these 2 unions, 8 villages 
were further selected randomly (Figure 2.1). At the beginning of the study total number 
of mud-walled households in the study villages was enumerated. Area boundary was 
marked in the area map by using Geographic Information System (GIS). Then 
households were selected randomly from the study villages. Individual household was 
considered as a cluster in this study. Households of 3 villages from 1 union were 
randomly allocated to the intervention group while households of 5 other villages from 
another union were allocated to the control group. To control dilution of effect 
intervention and control households were chosen from 2 different unions.  
 
1.3.2 Study design 
At the beginning of the study, individuals from each selected household were 
invited to participate in the community-based active surveillance starting in August 2006. 
Children aged less than 3 years were excluded from the study because VL is not only 
difficult to diagnose in small children but is also still uncommon in this age group. Field 
research assistants completed a household roster and recorded individuals with VL in the 
household within the previous1 year as per the study case definition. Untreated VL 
suspected cases were referred to the government hospital for further confirmation and 
appropriate case management. Information on demographic, socioeconomic, and 
educational status and mosquito-control measures was also collected. 
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2.3.3 Neem intervention 
In the intervention households, neem oil solution was sprayed from December 
2006 to December 2008; while no intervention was carried out for the control 
households. We used commercially available 300 ppm neem oil (Neem Oil
®
, Neem 
Foundation, Dhaka, Bangladesh) and diluted it to 0.5% solution with soap powder (Jet®, 
P&G, Bangladesh) as an emulsifier (55). Using knapsack sprayers, mud walls were 
coated with neem oil solution up to the height of 3 meter from the floor. According to 
national guideline for bio-pesticides, neem oil was sprayed bi-weekly during the summer 
(April to September) and monthly during the remaining months (October to March). 
 
2.3.4 Active disease surveillance using rapid rK39 dipstick test  
To facilitate case management, the rapid rK39 dipstick test was performed for the 
maximum number of individuals from both intervention and control area available at the 
beginning of the study (Kalazar Detect®; InBios International, Seattle, WA, USA). 
According to a recent meta-analysis study, the average sensitivity and specificity of rK39 
dipstick test was 92% and 95% respectively (56) . Rapid rK39 dipstick tests were again 
performed at 1-year intervals for 2 consecutive years (in 2007 and 2008) for suspected 
VL cases of both intervention and control area. A person with fever >2 weeks and 
splenomegaly was considered a ‘suspected VL case’. RK39-positive individuals with 
signs and symptoms of VL were considered as ‘probable cases of VL’ and referred to the 
nearby government hospital for further confirmation and treatment. RK39-positive 
persons without any sign or symptom were considered as ‘asymptomatic VL patients’ 
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and advised to contact our health workers who would be working in the villages for the 
study purposes. For any subsequent complaint of VL symptoms, an additional test was 
performed and probable VL patients were referred to the government hospital. Field 
research assistants conducted home visits on holidays and in the early morning and late 
evening on working days. At least 1 home visit was conducted every month in each 
village. More frequent home visits, i.e., at least 1 home visit every 2 weeks, were 
conducted during the summer (April through September). Copies of the treatment record 
sheets of VL patients were collected from the corresponding government hospital in order 
to find patients missing from those referred to the hospital by the field assistants. In such 
cases, field staff visited the missing patients’ houses and assisted them in reporting to the 
hospital. 
 
2.3.5 Study case definition  
The following study case definitions were used:  
Clinical/confirmed leishmaniasis cases (past cases): 
Patient diagnosed with illness characterized by >2 weeks of fever and at least one 
of the following: splenomegaly, skin darkening, and/or weight loss, plus a history of 
treatment with either sodium stibogluconate or pentamidine with clinical resolution of the 
symptoms; or with Leishmania amastigotes demonstrated in bone marrow or splenic 
aspirate or tissue in the past one year and documented in the medical records.  
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Clinical/confirmed leishmaniasis cases (current cases): 
Patient diagnosed with illness characterized by >2 weeks of fever and at least one 
of the following: splenomegaly, skin darkening, and/or weight loss; or with Leishmania 
amastigotes demonstrated in relevant aspirate or tissue, and/or a positive rK39 dipstick 
result. 
 
2.3.6 Statistical analysis 
IBM SPSS version 20.0 software was used for the statistical analysis. The general 
characteristics of the study subjects and households were summarized as the frequency 
for categorical variables. Age of the study subjects was categorized into 3 groups, 3-14 
years, 15-45 years, and >45 years, according to a previous study in Bangladesh which 
demonstrated high prevalence of VL among younger aged (<45 years) people (57). 
Comparisons between intervention area and control area were made by chi-square test. 
The incidence rate of VL was calculated for each year (2006, 2007, and 2008). Rate 
ratios were computed for the proportions of VL incidence in intervention area and control 
area. Both univariate and multivariate regression analyses were conducted to determine 
the association between VL incidence during the intervention (i.e., VL incidence in 2007 
and 2008) and neem intervention. Factors which differed significantly between the 
intervention and control areas (p<0.05) were put in the multivariate models. Restricted 
factor analysis was conducted to confirm the association. Univariate analysis of the 
association between VL incidence during the study period (i.e., VL incidence in 2006, 
2007, and 2008) and potential risk factors were also conducted. Cochran-Mantel-
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Haenszel (CMH) statistics were conducted to measure the relationships between each 
pair of VL incidence-related variables identified from univariate analysis. A final 
multivariate model was constructed to determine the relative associations between VL 
incidence and each significant variable while adjusted for other covariates. Sex was also 
included in the final multivariate model as evidence was showed in a previous study (58). 
All the association was determined using a modified Poisson regression analysis with a 
robust error variance procedure (59). This procedure not only is preferable for the 
prospective study with binomial outcome but also control the clustering effect, if any. 
The results were expressed as the relative risk (RR) and 95% confidence interval (CI).  
 
2.3.7 Ethical approval 
The protocol was approved by the icddr,b Research and Ethical Review 
Committee. Informed consent was obtained from all adult participants and from a parent 
or guardian of all participating children. 
 
2.4 RESULTS 
2.4.1 General characteristics of the study participants 
There were a total of 1550 mud-walled houses comprising 6955 inhabitants in the 
study villages. Household interviews were successfully completed for all mud-walled 
houses. Active disease surveillance was conducted for 6761 individuals aged > 3 years in 
2006. Table 2.1 shows the individual and household characteristics of the study subjects. 
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Most of the inhabitants (99.7%) had been living in the study area for more than 3 years. 
About one thirds (34.7%) were children aged less than 15 years. The average number of 
household members was 4 (SD = 2) and the average household yearly income was US 
$526.0 (SD = 333.6). More than 70% of the household heads were illiterate, whereas only 
12.2% of them had completed >5 years of institutional education. Majority of the 
households (59.5%) owned land and at least one domestic animal (72.9%). Only 23.4% 
households used some kind of mosquito-control measures; however, most of them 
(74.1%) were irregular in using those measures. Although 92.1% of the households used 
bed nets, only 23.8% of them did so regularly. 
People living in control area had significantly higher electricity in the households 
and used more mosquito-control measures and bed nets than the people in intervention 
area (p < 0.0001). 
 
2.4.2 Incidence of clinical leishmaniasis during the study period 
Table 2.2 shows the incidence rate of clinical leishmaniasis from 2006 through 
2008. In 2006, 96 individuals were identified as having clinical leishmaniasis. In 2007, 
the number of reported clinical leishmaniasis cases was substantially increased over that 
of the previous year (RR = 1.38; 95% CI = 1.07 - 1.79). However, the incidence of 
clinical leishmaniasis in 2008 was significantly lower than in 2006 (RR = 0.19; 95% CI = 
0.12 – 0.32). 
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2.4.3 Outcome of neem intervention 
 Neem oil solution was sprayed to 770 mud-walled households in the 3 
intervention villages which accommodated 3355 inhabitants. On the other hand, there 
were 780 mud-walled houses comprising 3406 inhabitants in the control villages. Clinical 
leishmaniasis cases in 2006 were significantly higher in the intervention villages than in 
the control villages before the neem intervention was started (p < 0.001). Even after 1 
year of neem intervention in 2007, the number of clinical leishmaniasis cases was 
significantly higher in the intervention areas than in the control area (p = 0.01). After 2 
years of neem intervention in 2008, there was no significant difference in clinical 
leishmaniasis cases between the study areas.  Table 2.3 shows that the proportion of 
increased case reporting in 2007 was significantly higher in control area than in 
intervention area (Rate ratio = 5.72; 95% CI = 0.0069 – 0.0139). However, the proportion 
of decreased case reporting in 2008 was significantly higher in intervention area than in 
control area (Rate ratio = 2.16; 95% CI = 0.0004 – 0.0133).  
 Table 2.4 shows the results of regression analysis of the association between 
neem intervention and VL incidence during intervention. Although a significant negative 
association was found between neem intervention and VL incidence (RR = 1.56; 95% CI 
= 1.13 – 2.15, p = 0.01), no significance existed after adjustment with having electricity 
in the household, use of mosquito-control measures, and use of bed net (RR = 1.36; 95% 
CI = 0.98 – 1.89, p = 0.07). Restricted factor analysis also confirmed that there was no 
significant difference in VL cases between the study areas (Table 2.5). The analyses were 
restricted for who had not electricity in the households, did not use mosquito control 
measures at night, and did not use bed net at night.  
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2.4.4 Risk factors associated with clinical leishmaniasis 
Table 2.6 shows the results of the Poisson regression analyses for variables 
significantly associated with clinical leishmaniasis. It was found that VL incidence was 
significantly different among the 3 age groups (Likelihood Ratio χ2 = 14.78, df = 2, p = 
0.001). The younger age group (3-14 years) was 2.17 times more at risk of developing 
VL than the older age group of >45 years (RR = 2.17; 95% CI = 1.39 – 3.37, p = 0.001); 
but age group of 15-45 years showed borderline significance compared to older age 
group of >45 years (RR = 1.55; 95% CI = 0.99 – 2.41, p = 0.055).  Male participants 
tended to develop VL (4.1%) than did female participants (3.2%); however, this 
difference was not statistically significant (RR = 1.26; 95% CI = 0.98 – 1.61, p = 0.066). 
People who did not have electricity in the household were at higher risk of developing 
VL than were people who did have it (RR= 3.40; 95% CI= 1.76 – 6.59, p < 0.001).  
Similarly, people who never used mosquito-control measures or bed nets while sleeping 
had more risk of developing VL than did those who had at least some habit of using a 
mosquito-control measure or a bed net ((RR = 1.49; 95% CI = 1.09 – 2.06, p = 0.013, and 
RR = 2.02; 95% CI = 1.44 – 2.84, p < 0.001, respectively). The other variables, i.e., 
education of household head, having own land, having domestic animal, and having 
cattle shed on the premises, were not found significantly associated with clinical 
leishmaniasis.  
The younger age group (3-14 years) used fewer mosquito-control measures than 
did the older age group > 45 years (24.8% and 27.6% respectively, p = 0.082). Moreover, 
the male younger age group used fewer mosquito-control measures than did the female 
younger age group (24.5% and 25.2% respectively, p = 0.372). On the other hand, use of 
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bed net was slightly higher among male participants than the female participants (92.2% 
and 91.9% respectively, p = 0.695). However, these associations were not found 
statistically significant. There was also no significant association between use of bed net 
and use of mosquito-control measures (p =0.068). Significantly positive associations 
were found between having electricity in the house and using mosquito-control measures 
(p < 0.001), and between having electricity in the house and using bed net (p < 0.001).  
Table 2.6 shows the result of multivariate Poisson regression analysis of the final 
model adjusted for all the covariates that have a p value < 0.05 in the univariate analysis. 
After adjustment, age group of 15-45 years became statistically significant (RR = 1.59; 
95% CI = 1.02 – 2.47, p = 0.040). The association of having electricity with clinical 
leishmaniasis was slightly attenuated, but still remained significant (RR= 2.99; 95% CI= 
1.56 – 5.75, p =0.001). The similar result was found for use of mosquito-control 
measures (RR = 1.41; 95% CI = 1.03 – 1.92, p = 0.031) and use of bed net (RR = 1.96; 
95% CI = 1.40 – 2.75, p < 0.001).  
 
2.5 DISCUSSIONS 
2.5.1 Effect of active disease surveillance 
The result of this study suggested that VL might be underreported in 2006 
through the existing passive case detection system. The increased incidence rate of 
clinical leishmaniasis in 2007 may indicate that community-based active surveillance 
using a simple diagnostic tool (rK39 dipstick test) would be able to substantially increase 
the case reporting. Early case reporting and referral for treatment could significantly 
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reduce the source of infection within the community, which resulted in a notably 
decreased incidence rate of clinical leishmaniasis in 2008. In South Asia as well as in 
Bangladesh, delays in case detection and treatment remain a problem in the control of 
VL. The median delay from onset of fever to treatment was reported to be about 4 
months (60-62). Moreover, the number of people exposed to infection or infected without 
any symptom has an important role in disease transmission. Therefore, early diagnosis 
with active surveillance and early treatment are essential not only to cure the VL patient, 
but also to decrease the infection reservoir. The rapid rK39 dipstick test has shown high 
sensitivity and specificity in detecting VL infections in the Indian subcontinent (63). The 
World Health Organization (WHO) currently recommends it as the best available 
diagnostic tool for VL for use at health facilities in remote areas. Thus, this kind of 
simple diagnostic tool may improve active surveillance programs by facilitating case 
management. 
 
2.5.2 Effect of neem intervention 
 Neem oil was not found to be effective in the control of VL. During the 1
st
 year of 
intervention case reporting was 5 times higher in the intervention area than in the control 
area. On the other hand, during the 2
nd
 year of intervention case reporting decreased 
dramatically in both intervention and control areas. However, the decreased rate was 2 
times higher in the intervention area than in the control area. Therefore, we may assume 
that neem intervention, along with active disease surveillance, played an important role to 
decrease the incidence rate of clinical leishmaniasis.  
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Control villages had better socio-economic condition, and higher rate of using 
mosquito-control measures including bed nets which are known preventive factors of VL 
(57, 61). Therefore, we assume that this study suffers from selection (recruitment) bias 
which might result in underestimate of the effect of neem intervention on VL incidence. 
Moreover, knowledge of intervention may lead to different intensity of active disease 
surveillance and VL incidence being diagnosed more often in the intervention area either 
consciously or subconsciously which might result in detection bias. We used diluted 
neem oil solution with a low concentration of azadirachtin (300 ppm) to spray the 
households. A commercially available high concentration of azadirachtin (1500 ppm) 
was found to be more effective against the sandfly (41). We assumed that the low 
concentration of azadirachtin used in our study would be more effective as a repellant 
than environmental use. Another important point would be the application method as 
only indoor spraying of neem oil was used in this study. Applying neem oil (pure or 
mixed with coconut oil) to exposed parts of the body (52, 54), burning neem oil in 
kerosene lamps  (47, 62), and spraying neem extract powder on known sandfly breeding 
habitats (50) have been reported to be effective against many vectors. 
 Our previous study on people’s attitudes toward available neem products 
has shown that neem oil is a well-accepted method for VL prevention in endemic 
communities of Bangladesh (64). Neem oil would be a favorable option to control VL in 
the endemic areas. However, further research evidence and innovative application 
technique is required with the support of local government and international organization. 
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2.5.3 Risk factors associated with clinical leishmaniasis 
This study found that the children (3-14 years old) of these communities were at 
more risk of developing VL than the older age group of >45 years, as in other endemic 
areas of Bangladesh (57). It was also found that male cases of VL were higher than 
female cases; however, the difference was not statistically significant. A recent study in 
Nepal found that male participants had a significantly higher risk of developing VL than 
did female participants (58). Other studies in Bangladesh and India could not find any 
association between sex and VL incidence (57, 65). Traditionally, men in the countryside 
keep the upper part of their body exposed and wear fewer clothes than women, 
particularly in the summer months, which might make them more vulnerable to bites by 
the sandfly vector. We also found that use of some kind of mosquito-control measures, 
e.g., smoke and mosquito coil, was protective against VL. However, very few households 
reported using such measures regularly. Moreover, people in the younger age group, 
especially young males, used fewer mosquito-control measures than did people in the 
older age group, which might also make them more susceptible to the sandfly bite.  
Previous epidemiologic studies in the Indian subcontinent found bed nets to be a 
protective factor against VL (57, 60), which is also supported by our findings. More than 
90% of households of the study villages reported using bed nets at night. This high 
percentage suggested that bed nets were already acceptable in Bangladeshi communities. 
However, only 23.8% of the households reported using bed nets regularly. Previous 
studies in this subcontinent region demonstrated that insecticide-treated bed nets could be 
a favorable option for vector management (26, 29). Therefore, health education programs 
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on personal protection measures followed by provision of insecticide-treated bed nets 
might be a highly effective prevention intervention in such an endemic community.  
VL is known as a disease of the poorest of the poor in the Indian subcontinent 
(66). Although determining the relationship between poverty and VL involves multiple 
factors (67), poverty has been found to be associated with VL in previous studies 
conducted in this region (57, 61).  In the present study, having electricity in the 
household, which may constitute an indicator of better socioeconomic status, was found 
to confer less risk of developing VL. Previous studies in Nepal (58, 60) and Bangladesh 
(57) found that ownership of cattle was strongly protective against VL. Another study in 
India found that illiteracy was associated with VL risk (65). However, in this study, 
neither cattle ownership nor illiteracy of the household head was associated with VL 
incidence in the univariate analysis and thus was not included in the multivariate analysis. 
 This study was not designed for comprehensive risk factor analysis. Therefore, we 
could not report some of the important factors of recent interest, such as immunogenetic 
factors, dietary indicators, and nutritional status, which might play important role to 
influence the susceptibility of a host to the development of VL infection (57, 68). 
 
2.6 CONCLUSION 
 Availability of a highly sensitive and specific rapid diagnostic test (rK39), an 
increasing number of treatment options, and the unique anthroponotic features of the 
sandfly vector make VL a potential candidate for elimination. However, massive efforts 
in community-based active disease surveillance coupled with scaled-up personal 
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protection measures and integrated vector management interventions are required to 
achieve the goal of the VL elimination program.  
 Neem oil would be a favorable option as an environment-friendly, well 
accepted and cost effective measure to control VL among the marginalized poor of the 
endemic areas. However, further research evidence and innovative application technique 
is required with the support of local government and international organization. 
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Chapter 3 
IDENTIFICATION AND MANAGEMENT OF 
KEY CONTAINER FOR AEDES LARVAL 
BREEDING TO CONTROL DENGUE IN 
BANGLADESH 
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3.1 SUMMARY 
Dengue fever (DF), one of the most important emerging arboviral diseases 
worldwide, is transmitted through the bite of container breeding mosquitoes Aedes 
aegypti and Aedes albopictus. In Bangladesh, DF has become a serious public health 
concern after the first large-scale outbreak in 2000. Since then, DF cases have been 
reported every year in all major cities of Bangladesh. 
To identify important breeding habitats of Aedes mosquitoes, a household 
entomological survey was conducted in Dhaka from August through October 2000, the 
peak epidemic period of DF/DHF. Approximately 100 households (range 100-119) were 
randomly selected from each of the 90 administrative wards in Dhaka City Corporation. 
All water holding containers were inspected for Aedes larvae in all 3 locations of each 
household, i.e., indoor, outdoor, and rooftop. 
Of 9,222 households inspected, 1,306 households (14.2%) were found positive for 
Aedes larvae. Of 38 777 wet containers were examined, 2216 wet containers (5.7%) were 
found infested with Aedes larvae. The overall house index (HI), breteau intex (BI) and 
container index (CI) were 14.2, 24.6 and 5.9 respectively. Positive wet containers were 
significantly higher in number in outdoor than in indoor and in rooftop. Among the 
positive containers, the most commons were earthen jars (19.9%), flower pots (16.2%), 
tires (14.9%), drums (9.8%), tanks (9.1%), and cans and bottles (8.2%). A total of 3 027 
867 Aedes larvae were collected, among which 1 923 648 (63.5%) were Aedes aegypti. 
Number of Aedes aegypti was higher than the number of Aedes albopictus in all 3 
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locations (92.7:1, 1.4:1, and 9.9:1 in indoor, outdoor, and rooftop locations respectively). 
Independent type of household, having water storage system in the household, and having 
fully/partly shaded outdoor premise were significantly associated with household 
infestation of Aedes larvae. 
The study results would reinforce the dengue vector control strategy to have focus 
on the containers that are consistent producers of Aedes larvae and houses that 
consistently have Aedes larvae in containers. 
 
3.2 INTRODUCTION 
3.2.1 Disease overview 
DF is an acute febrile disease caused by one of four closely related, but 
antigenically distinct, dengue virus serotypes designated as DEN-1, DEN-2, DEN-3, and 
DEN-4 of the genus Flavivirus. Infection with one of these serotypes provides lifelong 
immunity against that serotype, but it does not provide cross-protective immunity against 
the other three. There is evidence that sequential infection increases the risk of the more 
severe disease, Dengue Hemorrhagic fever (DHF). Persons living in a dengue-endemic 
area can have up to four dengue infections, thereby putting them at risk for DHF with 
each subsequent infection. 
DF may present as a mild febrile syndrome similar to the flu, an undifferentiated 
febrile illness with a maculopapular rash (often seen in children), or the classical disease 
with two or more of the following manifestations: fever, headache, bone or joint pain, 
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muscular pain, rash, pain behind the eyes, hemorrhagic manifestations (e.g., petechiae). 
During dengue epidemics, hemorrhagic complications may also appear, such as bleeding 
from the gums, nosebleeds, and bruising. There is no specific treatment for DF beyond 
symptomatic treatment, rest, and rehydration.   
DHF is characterized by four clinical manifestations, all of which must be 
present: (1) fever or recent history of acute fever, (2) hemorrhagic phenomena (presence 
of at least one of the following: positive tourniquet test; petechiae, ecchymoses, or 
purpura; or bleeding from mucosa, gastrointestinal tract, injection sites, or others), (3) 
thrombocytopenia (100 000 mm
3
 or less), and (4) plasma leakage due to increased 
capillary permeability. Moderate to marked thrombocytopenia with concurrent 
hemoconcentration is a distinctive clinical laboratory finding of DHF. However, the 
major pathophysiological change that determines the severity of disease in DHF, and 
differentiates it from DF, is plasma leakage manifested by a rising hematocrit value (i.e., 
hemoconcentration). It is very important to distinguish between DF with hemorrhagic 
symptoms and DHF so that appropriate therapy can be initiated in the case of DHF. Case 
fatality due to DF is very low, but case fatality due to DHF can be high. 
Dengue shock syndrome (DSS) is the most severe form of DHF, and is 
characterized by the presence of all four DHF clinical manifestations as well as 
circulatory failure. All three manifestations of circulatory failure must be present: rapid 
and weak pulse; narrow pulse pressure or hypotension; and cold, clammy skin and altered 
mental state (1-3). 
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3.2.2 Global burden of dengue 
DF is one of the most important emerging diseases which have become a serious 
public health concern. It is found in tropical and sub-tropical regions around the world, 
predominantly in urban and semi-urban areas. The disease is now endemic in more than 
100 countries in Africa, the Americas, the Eastern Mediterranean, South-east Asia and 
the Western Pacific. Over 2.5 billion people, around 40% of the world's population, are 
now at risk of dengue. It is estimated that there may be 50–100 million dengue infections 
worldwide every year.  
DHF was first recognized in the 1950s during dengue epidemics in the Philippines 
and Thailand. Only 9 countries had experienced DHF before 1970, however, the number 
had increased more than 4-fold by 1995. An estimated 500 000 people with DHF require 
hospitalization each year, a large proportion of whom are children. About 2.5% of those 
affected die. 
Recently the number of reported cases has continued to increase as the disease 
spreads to new areas. Cases across the Americas, South-east Asia and Western Pacific 
have exceeded 1.2 million cases in 2008 and over 2.3 million in 2010. In 2013, 2.35 
million cases of dengue were reported in the Americas alone, of which 37 687 cases were 
DHF (3). 
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3.2.3 Dengue in Bangladesh   
In Bangladesh, the first documented outbreak of dengue occurred in 1964 which 
was known as ‘Dhaka fever’. There were few scattered cases of DF during 1977-1978 
and 1996-1997 (4, 5). However, DF has become a serious public health threat in 
Bangladesh after the first large-scale outbreak in 2000 with 5551 cases. Among the 
reported cases 4385 (62.4%) were dengue fever infections and 1186 (37.6%) cases were 
dengue hemorrhagic fever. The case fatality rate (CFR) was 1.7% with 93 deaths 
reported. Since 2000, DF cases have been reported every year in all major cities of 
Bangladesh. The worst outbreak was in 2002 with 6104 cases and 58 deaths. In 2005 
there were 1048 reported cases and 4 deaths. In 2006 the number of cases and deaths 
increased by 2 fold as compared to 2005. In 2010, 5500 people were infected, with 98 
deaths (6). 
 
3.2.4 Dengue in Japan 
In Japan, endemic dengue cases had been reported in Okinawa since 1893 (7). 
There were dengue outbreaks in Japan from 1942 to 1945. It was first emerged in 
Nagasaki in August 1942 and soon spread to other cities such as Sasebo, Hiroshima, 
Kobe, and Osaka, recurring every summer until 1945 (8). However, domestic outbreaks 
have not been reported since 1945. But there have been many imported dengue cases (9). 
A total of 406 cases of imported dengue virus infection were confirmed from 2003 to 
2010. However, this year Japan is battling its first outbreak of dengue fever in almost 70 
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years. The Ministry of Health, Labor and Welfare confirmed that the number of reported 
dengue fever cases stood at 81 in 15 prefectures as of September 09, 2014.  
In Japan, DF and dengue haemorrhagic fever (DHF) have been Category IV 
notifiable infectious diseases regulated by the Infectious Disease Control Law of Japan 
since April 1999. Physicians in all clinics and hospitals are required to report 
demographic information and clinical and exposure history about every patient meeting 
the DF/DHF case definitions to the nearby public health centre. The data are reported by 
local governments to the Ministry of Health, Labour and Welfare and the Infectious 
Disease Surveillance Center, National Institute of Infectious Diseases.  
 
3.2.5 Disease Transmission 
Dengue viruses are transmitted to humans through the bites of infective female 
Aedes mosquitoes. Mosquitoes generally acquire the virus while feeding on the blood of 
an infected person. After virus incubation for 4 - 10 days, an infected mosquito is capable 
of transmitting the virus to susceptible individuals for the rest of its life. Infected female 
mosquitoes may also transmit the virus to their offspring by transovarial (via the eggs) 
transmission. 
Infected humans are the main carriers and amplifying hosts of the virus. However, 
some studies have shown that in some parts of the world monkeys may become infected 
and perhaps serve as a source of virus for uninfected mosquitoes. The virus circulates in 
the blood of infected humans for 2 - 7 days, at approximately the same time as they have 
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fever. Aedes mosquitoes may acquire the virus when they feed on an individual during 
this period (3). 
 
3.2.6 The Vector 
The Aedes aegypti mosquito is the primary vector of dengue. Ae. aegypti is a 
small, dark mosquito with white lyre shaped markings and banded legs. It lives in urban 
habitats and is closely associated with humans and their dwellings. People not only 
provide the mosquitoes with blood meals but also water-holding containers in and around 
the home needed to complete their development. The mosquito lays her eggs on the sides 
of containers with water and eggs hatch into larvae after a rain or flooding. A larva 
changes into a pupa in about a week and into a mosquito in two days. Ae. aegypti is 
extremely common in areas lacking piped water systems, and depend greatly on water 
storage containers to lay their eggs. Male and female adults feed on nectar of plants; 
however, female mosquitoes need blood in order to produce eggs, and are active in the 
daytime. It breeds mostly in artificial containers, but has been reported in natural 
containers as well. Artificial water containers may include water storage containers, 
flower pots, discarded tires, plates under potted plants, cemetery vases, flower pots, 
buckets, tin cans, clogged rain gutters, ornamental fountains, drums, water bowls for pets, 
birdbaths. This species has also been found in underground collections of water such as 
open or unsealed septic tanks, storm drains, wells, and water meters. Some natural 
habitats are like tree holes, leaf-axils, etc. Ae. aegypti bites primarily during the day. This 
species is most active for approximately two hours after sunrise and several hours before 
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sunset, but it can bite at night in well lit areas. Female Ae. aegypti bites multiple people 
during each feeding period (10). 
Ae. albopictus is a secondary dengue vector in Asia. Ae. albopictus is a small, 
dark mosquito with a white dorsal stripe and banded legs. It is also called ‘Asian tiger 
mosquito’. It lays its eggs on the inner sides of water-holding receptacles in urban, 
suburban, and rural areas as well as in nearby edges of forested areas. Ae. albopictus is 
closely associated with vegetated areas in and around homes. The immature forms (larvae 
and pupae) are found in artificial containers with water. Larvae can also be found in 
natural habitats such as tree holes, rock holes, hollow bamboo stumps, and leaf axils. Ae. 
albopictus is a very aggressive daytime biter. Its peak feeding times are during the early 
morning and late afternoon. They bite outdoors and indoors, but are usually found 
outside. Ae. albopictus is highly adaptive and therefore can survive in cooler temperate 
regions of Europe. Its spread is due to its tolerance to temperatures below freezing, 
hibernation, and ability to shelter in microhabitats (11). 
Both of the vectors became more widespread following uncontrolled urbanization 
in the second half of the 20th century. Sparse vegetation, low altitude, good 
transportation routes, and urban development favor the transmission of vectors (12). 
 
3.2.7 Immunization 
There is no vaccine to protect against dengue. Developing a vaccine against DF or 
DHF has been challenging for a number of reasons. With 4 closely related viruses that 
can cause the disease, the vaccine must immunize against all 4 types to be effective. 
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There is limited understanding of how the disease typically behaves and how the virus 
interacts with the immune system (3). However, recent studies find the quasispecies of 
dengue virus. Therefore, these viruses may frequently develop a resistance to vaccines 
because of their high mutation rates. Dengue virus quasispecies found in mosquitoes and 
some substitutions potentially change the conformation of envelope protein, indicating 
the possible escape from the host immune system. If this is the case, it may be difficult to 
develop an effective dengue virus vaccine because a vaccine against limited strains may 
be unable to fight a diverse dengue virus population. There is also lack of laboratory 
animal models available to test immune responses to potential vaccine (13). 
   
3.2.8 Current Prevention and Control Strategies 
There is no vaccine against dengue and there are no drugs to treat DHF and DSS. 
Hence, vector control remains the cornerstone for the prevention and control of dengue 
(14). Dichlorodiphenyltrichloroethane (DDT) was one of the first chemical control 
measures used to target adult stages of the dengue vector. Significant reductions in vector 
populations were achieved, but the development of DDT resistance was one of the key 
factors that led to the re-emergence of dengue from the 1960s onward (12). Meanwhile, 
second- and third generation insecticides became available (eg malathion and 
pyrethroids). However, chemical control of dengue vectors has shortcomings, including 
environmental contamination, bioaccumulation of toxins and concerns regarding human 
toxicity, which are especially linked to the use of insecticides in drinking- water 
containers (15). 
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Alternative methods consist of biological control (e.g. the introduction of 
larvivorous organisms such as fish, copepods and insect larvae into water containers), the 
release of transgenic vectors (aimed at reducing or even replacing the wild-type vector 
population with one that has a reduced capacity to transmit and reproduce), and 
environmental management. Environmental management provides a flexible framework 
through which a wide variety of actions can be undertaken in an integrated and coherent 
fashion, such as source reduction of the vectors, provision of safe water, covering and 
screening of water containers, and reduction of human – vector contact by screening 
doors and windows, and using insecticide-treated nets. Social mobilization, a process to 
obtain and maintain the involvement of various groups and sectors of the community in 
the control of disease and/or its vector has traditionally been used to engender community 
participation in broad-based dengue prevention and control activities such as community 
clean-up campaigns, physical management of containers, use of chemical and biological 
control methods, improved environmental management at the community levels, and 
education to recognize DHF signs and symptoms. Integrated control measures have also 
been 17developed usually facilitated through community-based approaches (12, 16, 17). 
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3.2.9 Key Container 
Until a vaccine, clinical cure, or genetic strategy is available, control of dengue 
will continue to depend on suppression of the vector  populations or interference of the 
vector-human interaction (18). It is, however, a futile exercise to keep on killing 
mosquitoes in the presence of an almost unlimited number of breeding sites, for the 
larvae laid at these sites soon grow into adult mosquitoes (19). For the same reason, 
generalized community clean-up campaigns of vector breeding sites have had only a 
transient and limited effect, if at all, on disease incidence. Theoretically, the identification 
and subsequent elimination of the most Aedes mosquito producing containers in a given 
area may potentially reduce mosquito density below a critical threshold, which could 
result in more efficient and cost-effective control campaigns (20, 21).  
In most areas there are a relatively small number of containers that consistently 
serve as the primary producers of Aedes larvae, with other containers playing minor roles 
in mosquito production. "Key containers" are these primary source adult Aedes 
mosquitoes (17). The contribution of a container class to the vector population depends 
on the productivity of that specific class and its abundance. Productivity is determined by 
survival and developmental rate of larvae and pupae (22), which depends on a wide range 
of abiotic and biotic factors, such as temperature, physical shape, material with which the 
container is made, use and source of water in the container, size of the container, 
location, availability of resources (i.e., food), and competition among co specifics (23-
29). Consequently, each ecological setting has its own unique set of key containers (21, 
30). For example, in Mexico tires and bottles were the most important contributors to the 
Ae. aegypti population  (31), in Vietnam large concrete tanks and water storage jars were 
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the main source of immature Ae. aegypti development  (32), whereas in Peru 57% of 
adult Ae. aegypti production originated from outdoor-unlidded containers that were 
passively filled with rainwater (29). In Brazil, the most productive container types were 
water tanks, metal drums, and kitchen items (33). 
A "key container" survey for improved dengue vector surveillance and vector 
control was developed (1994-1997) and implemented on a regional basis in 1997 in 
Vietnam. This program was selected as one of the ‘best practices for environmental 
management of dengue’ by USAID in 2003 (17). By focusing on the containers that are 
consistent producers of larvae and houses that consistently have Aedes larvae in 
containers, control measures can be tailored for the specific needs of the area and 
populace. Once the most productive key containers are identified, targeted control of 
dengue vectors becomes more affordable and feasible. At the same time, targeted vector 
control can help minimize the use of chemicals that may be costly and have other long-
term health and environment impacts. 
 
3.2.10 Objective of the study 
The aim of this study was to identify the containers which served as primary 
producers of Aedes larvae during the deugue outbreak in Bangladesh. In most areas there 
are a relatively small number of containers that consistently serve as the primary breeding 
sites of Aedes larvae. The contribution of a container category to the vector population 
depends on the productivity of that specific container category and its abundance. 
Therefore, abundance and mosquito productivity of each container type were determined 
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in order to propose specific and effective vector control messages specific. This study 
also aimed to identify some risk factors for the households to be infested with Aedes 
larvae. 
 
3.3 MATERIALS and METHODS 
3.3.1 Study area 
A household entomological survey was conducted in Dhaka from August through 
October 2000, the peak epidemic period of DF/DHF. Dhaka city is situated between 
23
052’49” N to 23041’12” N latitude and 90020’09” E to 90027’04” E longitudes.  Dhaka 
encompasses 347 km
2
 of area with an estimated population of 15.4 million. This study 
was conducted within the Dhaka Municipality area, formerly named as Dhaka City 
Corporation (DCC). DCC was divided into 90 smallest administrative units called ward. 
According to 2001 population census, DCC had 1 107 000 households, and a total 
population of 5 378 000. Bangladesh has a tropical monsoon-type climate, with a hot and 
rainy summer and a pronounced dry season in the cooler months. Dhaka meets all the 
criteria for rapid breeding of Aedes mosquito as the temperature and large rainfall with 
rapid urbanization and dense population (34). 
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3.3.2 Household survey 
For field survey, approximately 100 households (range 100-119) were randomly 
selected from each of the 90 wards according to the proportional distribution of house 
structure types. Household types were categorized as independent house, multi-storey 
house, semi-permanent house, slum, and others. Household was defined as one separate 
unit of accommodation, and the immediately surrounding premises. Field survey was 
conducted by 46 teams comprising of 2 field research assistants in each team.  The team 
interviewed the household head or other adult resident according to a pre-tested 
structured questionnaire to collect information on socio-demography, awareness on 
dengue and its vector control, and self-reprting dengue cases. Field research assistants 
also looked for containers with standing water, and for Aedes larvae within the 
containers. All 3 locations of each household, i.e., indoor, outdoor, and rooftop, were 
inspected for potential wet containers. Possibly all larvae, that could not be identified in 
the field, were collected in labeled specimen bottles, and were reared up to the adult stage 
to identify species. Before the field survey, field research assistants were trained on 
inspecting wet containers, collecting and identifying larvae, and recording data. The 
indices for Aedes larval population were calculated to determine the distribution and 
density of the vector. 
House index (HI) = percentage of houses positive for Aedes larvae 
Container index (CI) = percentage of wet containers positive for Aedes larvae 
Breteau index (BI) = number of positive containers for Aedes larvae per 100 houses 
inspected 
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3.3.3 Wet container categorization 
Total 111 types of wet containers were found with the maximum 76 types in 
outdoor location of the households. The containers were then categorized into 11 
different groups- flower pots, buckets, water tanks, drums, tires, discarded appliances, 
plastic bowls, earthen pots, coconut shells, cans and bottles, and others. All unusual and 
less abundant container types that eventually were found positive were classified as 
‘others’, such as ant guard, air conditioner drip pan, refrigerator drip pan, polythene bag, 
bath tub, tree hole, bamboo stump, and  leaf axil. Although buckets, water tanks, drums, 
plastic bowls, and earthen jars mostly had common purpose of use, i.e., water storage, we 
opted to keep all the varieties instead of a common category to have a detailed profile 
view of wet containers served as potential breeding habitats of Aedes larvae. 
 
3.3.4 Statistical analysis 
A descriptive analysis was done for the distribution of wet containers and Aedes 
larvae along 3 locations. Firstly, number of different wet containers in 3 locations was 
listed to identify the most abundant container categories in different locations. Secondly, 
percentage of each container category was calculated to identify their larval productivity. 
Finally, the contribution of each container category to total positive containers was 
calculated. The relative frequency of each container category as an Aedes larval breeding 
site in different locations was featured as two-dimensional presentation (35). Slope =1 is 
considered as the equality line. If the containers were equally utilized as breeding sites, 
all points fall on the equality line. If the percentage of positivity of any container category 
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exceeds the percentage of contribution to total wet containers (slope>1), the point for the 
container falls above the equality line. This container is then considered to be an essential 
container for Aedes larval breeding. Conversely, less importance is indicated for the 
container having slope of <1 (i.e., if the point falls below the equality line). 
Univariate logistic regression analysis was conducted to determine the risk factors 
associated with household infestation with Aedes larvae. The significance level was set at 
p < 0.05. However, variables with a p value < 0.1 (Wald Chi-square test) in the univariate 
analysis were selected to include in the multivariate model. The purpose was to identify 
variables which, by themselves, were not significantly related to household infestion of 
Aedes larvae but would make an important contribution in the presence of other variables. 
IBM SPSS version 20.0 software was used for the statistical analysis. 
 
3.3.5 Ethical approval 
Permission to carry out this study was provided by the of icddr,b Research and 
Ethical Review Committee. Signed informed consent was obtained from each household 
that participated in the study. 
 
 
 
 
59 
 
3.4 RESULTS  
3.4.1 Summary of the entomological survey 
The results of the entomological survey are summarized in Table 1. Of 9222 
households inspected, 1306 households (14.2%) were found positive for Aedes larvae. 
Multi-storey houses were the highest in number (39.6%) followed by semi-permanent 
houses (30.4%) and independent houses (20.5%). There were 771 slum houses (8.4%). 
Household positivity rate was the highest in independent houses (18.6%) followed by 
slum houses (14.3%), semi-permanent houses (12.9%), and multi-storey houses (12.8%). 
Of 38,777 wet containers were examined, 2216 wet containers (5.7%) were found 
infested with Aedes larvae. Number of wet containers was abundant in outdoor (56.5%) 
followed by indoor (32.2%), and rooftop (11.3%). More than two thirds of the positive 
containers were found in outdoor (77.4%). Among the outdoor containers, 7.8% 
containers were found infested with Aedes larvae. Among the indoor and rooftop 
containers, 3.1% and 3.9% containers were found positive respectively. 
The indices for Aedes larval population are listed in Table 2. The overall HI was 
14.2. BI was 24.6 and CI was 5.9. All of the indices were in high level of risk for dengue 
transmission (1).  
 
3.4.2 Key Containers in different locations 
Figure 3.2a shows the number of each container category inspected in 3 locations. 
Among the wet containers, buckets were the most abundant (n = 6580) followed by 
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flower pots (n = 6066), cans and bottles (n = 5034), and earthen jars (n = 5018). Other 
water reserving containers, such as drums (n = 2945), and tanks (n = 2675) were also 
high in number. Buckets (29.5%), flower pots (19.4%), and drums (11.8%) were common 
among indoor wet containers, while earthen jars (15.2%), cans and bottles (14.9%), and 
miscellaneous wet containers (14.6%) were common among outdoor wet containers. 
Among rooftop wet containers, flower pots (33.7%), cans and bottles (18.2%), earthen 
jars (11.7%), and tanks (10.1%) were common. Among the water reserving containers, 
buckets were more common in indoor (56.0%) than in outdoor (39.6%). Similarly, drums 
were more abundant in indoor (50.3%) than in outdoor (42.0%). On the other hand, most 
of the earthen jars (66.5%) and tanks (61.5%) were found in outdoor. Most of the coconut 
shells (98.6%), Tires (78.9%), discarded appliances (76.9%), cans and bottles (64.9%), 
and miscellaneous wet containers (63.4%) were also found in outdoor. 
Figure 3.2b shows the percentage of each container category infested with Aedes 
larvae. Among the tires inspected, 27.9% were found positive for Aedes larvae of which 
23% were in outdoor. The next three highly positive containers were earthen jars (9.0%), 
tanks (7.7%), and drums (7.6%), all of which were used as water reservoirs. Earthen jars 
in outdoor were more prone to be positive (7.9%) than those are in indoor (0.7%). 
Similarly, tanks and drums in outdoor were more positive (4.4% and 4.6% respectively) 
than in indoor (2.9% and 2.4% respectively). Although buckets were the most abundant, 
only 1.8% of buckets were found infested with Aedes larvae.  
 Figure 3.2c depicts the percentage contribution of each container category to total 
positive containers. Of the 2 216 positive containers, the most commons were earthen jars 
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(19.9%), flower pots (16.2%), tires (14.9%), drums (9.8%), tanks (9.1%), and cans and 
bottles (8.2%). 
 
3.4.3 Two-dimensional presentation for essential containers 
Among indoor containers, tanks were found to be the most essential container for 
Aedes larvae breeding (Figure 3.3a). Tanks constituted only 4.7% of all wet containers 
but accounted for 20.8% of all positive containers in indoor. Similarly, drums and flower 
pots constituted 11.8% and 19.4% of all wet containers respectively but accounted for 
18.2% and 22.4% of all positive containers in indoor. Therefore, drums and flower pots 
may also be considered as essential containers in indoor. On the other hand, buckets 
represented 29.5% of all indoor containers but accounted for only 7.3% of all indoor 
positive containers. Therefore, buckets fall below the equality line and less importance is 
indicated for them. 
 Tires constituted only 4.4% of all outdoor containers but accounted for 16.2% of 
all outdoor positive containers. Earthen jars represented 15.2% and 23.3% of all outdoor 
containers and all outdoor positive containers respectively. Similarly, flower pots and 
drums constituted 9.9% and 5.7% of all wet containers respectively but accounted for 
15.2% and 7.9% of all positive containers in outdoor. Therefore, tires, earthen jars, 
flower pots, and drums can be considered as essential containers in outdoor (Figure 3.3b). 
Buckets in outdoor, same as in indoor, were found to be less important for Aedes larvae 
breeding. Buckets accounted for only 4.3% of all outdoor positive containers in spite of 
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representing 11.9% of all outdoor containers. Among the outdoor containers, less 
importance is indicated for tanks, and cans and bottles also (Figure 3.3b). 
 Tires and drums were found to be the most important containers in rooftop 
(Figure 3.3c). Tires constituted 3.7% and 29.3% of all rooftop containers and all positive 
containers respectively. Drums constituted 5.2% of all rooftop containers but accounted 
for 9.8% of all rooftop positive containers. Buckets represented 6.5% of all rooftop 
containers but accounted for 7.5% of all rooftop positive containers. Therefore, buckets 
in rooftop were found to be borderline essential containers. Flower pots represented 
33.7% of all rooftop containers, however, these constituted only 13.2% of all rooftop 
positive containers. Therefore, flower pots in indoor and in outdoor exhibited more 
importance as Aedes larval breeding sites than flower pots in rooftop sites.  
Figure 3.3d shows that overall tires, earthen jars, flower pots, tanks, drums, and 
plastic bowls were found to be essential containers for Aedes larval breeding. Less 
importance is indicated for buckets, cans and bottles, and discarded appliances.  
 
3.4.4 Aedes larval population 
 Figure 3.4 shows the number of both Ae. aegypti and Ae. albopictus by 3 
locations, i.e., indoor, outdoor, and rooftop (in logarithm scale). A total of 3 027 867 
Aedes larvae were collected, among which 1 923 648 (63.5%) were Ae. aegypti. The 
density of Ae. aegypti was higher in outdoor (81.4%) compared to other 2 locations. The 
ratio of the total number of Ae. aegypti larvae in 3 locations were 8 : 39.6 : 1 (indoor : 
outdoor : rooftop).  Ae. albopictus also had higher density in outdoor (0.9 : 276.7 : 1). 
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About 99% of Ae. albopictus were found in outdoor. The number of Ae. aegypti was 
higher than the number of Ae. albopictus in all 3 locations (92.7 : 1, 1.4 : 1, and 9.9 :1 in 
indoor, outdoor, and rooftop respectively).  
Table 3 shows the Aedes larval productivity of the wet containers. Tanks showed 
the highest productivity for Ae. aegypti larvae both in indoor (80.2%) and in outdoor 
(46.1%). In rooftop, more than 70% Ae. aegypti larvae were found in buckets. Overall 
around 50% of Ae. aegypti were found in tanks, among which 37.5% were in outdoor 
tanks. All 4 water reservoirs, i.e., tanks, earthen jars, buckets, and drums contained 
around 90% of Ae. aegypti larvae, among which around 72% were found in outdoor. 
Overall tires contained only 2.7% of Ae. aegypti . For Ae. albopictus larvae, flower pots 
(35.6%) and tanks (33.5%) showed the high productivity in indoor. Earthen jars and 
flower pots were the highest productive containers for Ae. albopictus in outdoor (86.2%) 
and in rooftop (72.9%) respectively. Overall earthen jars alone contained about 86% of 
Ae. albopictus, almost all of them were found in outdoor. Tanks contained 2.9% of Ae. 
albopictus larvae. Other 2 water reservoirs, drums and buckets, did not constitute much at 
the larval productivity (0.5% and 0.2% respectively). Tires contained 3.5% of Ae. 
albopictus. 
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3.4.5 Factors associated with household infestion of Aedes larvae 
 Table 4 shows the result of logistic regression analysis for the factors significantly 
related to household infestion of Aedes larvae. Factors which were found significant in 
the univariate analysis were put in multivariate model. Multivariate logistic regression 
analysis shows that independent household (OR = 1.57; 95% CI = 1.35 – 1.83, p < 
0.001), having any kind of water storage system (i.e., tanks, drums, earthen jars, and 
buckets) in the household (OR = 1.55; 95% CI = 1.33 – 1.82, p < 0.001), and having 
fully/partly shaded outdoor premise (OR = 1.51; 95% CI = 1.34 – 1.70, p < 0.001) were 
significantly associated with household infestation of Aedes larvae. ‘Used mosquito spray 
/coil /smoke’, and ‘Used insecticide during the last 1 month’ were not found significant 
in the univariate analysis.  
 
3.5 DISCUSSIONS 
3.5.1 Key containers in different locations 
Our analyses revealed that water storage containers, such as earthen jars, tanks, 
and drums were consistently more likely to contain Aedes larvae similar as other studies 
(18, 33). In indoor, tanks and drums were the most productive; while in outdoor earthen 
jars were the most productive. Drums were highly productive in rooftop. Although 
present in abundant, buckets did not constitute much in larval production. Understanding 
the cultural traditions of owning and using containers is important to identify the key 
containers in different locations. Dhaka city has a scarcity of domestic water supply and 
65 
 
90% of the municipal water supply is mainly derived from groundwater. Most of the city 
dwellers store water from supplied pipe water. They either send the pipe water directly to 
the rooftop tanks or store in the underground reservoirs and pump it to the rooftop tanks. 
Underground reservoirs are categorized here as outdoor tanks. Tanks in outdoor and 
rooftop are normally kept covered and closed; therefore, these reservoirs are protected 
from mosquitoes. As the municipal water supply is not guaranteed all the time, people 
use to store water in drums, earthen jars, buckets, and in indoor tanks for further use of 
water. Buckets are relatively smaller in size compared to other water storage containers 
and are frequently used for washing clothes, cleaning house, and  transferring water from 
one place to another. These practices would reduce the chances of breeding of larvae in 
buckets. However, apparently unattractive or frequently cleaned containers, if present in 
large numbers, may still serve as breeding sites for a large portion of the Aedes 
population. On the other hand, drums, earthen jars, and in indoor tanks are bigger in size 
than buckets and contain large volume of water. Water in these containers is never 
emptied and is replenished periodically. Moreover, containers in outdoor and in rooftop 
are not always covered, sometimes letting them unintentionally collect rainwater, and 
therefore making them the perennial breeding sites of Aedes mosquitoes. 
Another important breeding site was the tires. Around 28% of tires were found 
infested with Aedes larvae. They constituted 15% of all positive containers and 
consistently contain Aedes larvae in all 3 locations. Usually tires are left abandoned. The 
collected rain water in tires is an ideal source of Aedes larvae (31).  
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3.5.2 Aedes larval population 
This study finds that both Ae. aegypti and Ae. albopictus breeded in indoor and 
outdoor similar as previous study (36, 37). However, number of Ae. aegypti was 2 times 
higher than the number of Ae. albopictus. Moreover, Ae. aegypti was found to be the 
dominant indoor breeder, while Ae. albopictus showed higher affinity for outdoor 
containers. Previous studies on the habitation of Aedes mosquitoes showed that Ae. 
albopictus usually seems to be restricted to wooded areas next to humans. Conversely, 
Ae. aegypti can be found in a variety of urban habitats including the highly urbanized 
areas without wooded vegetation (38). Additionally, Ae. aegypti depends highly on 
human blood and tends to bite and rest indoors, whereas Ae. albopictus feeds on a variety 
of vertebrates outdoors (39). Therefore, Ae. aegypti predominates in highly urbanized 
areas, specially indoor containers. Ae. albopictus predominates in rural areas, and in 
outdoor containers. It seems that Ae. aegypti is better adapted than Ae. albopictus to the 
environment of crowded tropical cities like Dhaka. Our study finds that indoor tanks were 
the highest productive containers (80%) for Ae. aegypti and outdoor earthen jars were the 
highest productive containers (86%) for Ae. albopictus. Although highest percentage of 
tires was found positive, they did not contain much number of Aedes larvae. One possible 
cause would be they contained less amount of water compared to the water storage 
containers. However, in previous studies, containers with unintentionally collected 
rainwater were more likely to be infested than other potential developmental sites (28, 
40). In Peru, it was estimated that 57% of adult Ae. aegypti production could be 
eliminated by treating outdoor, unlidded containers that were passively filled with 
rainwater (29).  
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 3.5.3 Factors associated with household infestion of Aedes larvae 
We have found that independent households, having water storage system in the 
household and having fully/partly shaded outdoor premise were significantly associated 
with household infestation of Aedes larvae. Usually independent households have larger 
space compared to other types of households and also have both underground and rooftop 
water reservoir tanks. Latter 2 factors can easily be explained as they provide suitable 
environment for Aedes larval breeding. 
 
3.5.4 Possible preventive measures 
Our study results suggest that elimination of the water storage containers and tires 
would possibly reduce the major portion of the Aedes larval population density.  
Phunanukoonnon et al. suggested that one preventive measure related to lifestyle 
is weekly cleaning of containers (41). Similarly, Arunachalam et al. reported that a lack 
of use of the container for the 7 or more days had a strong positive association with the 
number of pupae found in household containers (42). Another study in rio de janeiro also 
found that open-mouthed and large containers are the most suitable for larval production 
(33). Therefore, community-based educational programs aiming to train householders to 
use water containers appropriately, such as sealing of containers with lids or nets, 
cleaning indoor water storage containers regularly, and disposing unused containers, 
would be favorable intervention program to reduce the larval breeding sites. Applying 
some biological agents to the water storage containers may also be an effective control 
tool for vector density as they are usually cheap, and can be maintained by householders 
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with minimal training (43). Using mesocyclopes in Laos (44), Mexico (45), and 
Colombia (46) were found effective vector control intervention. Some studies also found 
that using larvivorus fish can also be an effective biological control tool (41, 47). 
However, biological control interventions need to be locally adapted and should take into 
account cultural practices relating to water storage and the social acceptability of keeping 
living organisms in storage containers of drinking water. For tires, disposal of unused 
tires would be the best possible intervention. However, using lime to tires was also found 
to be effective to reduce vector breeding in discarded tires (17). 
Therefore, integrated vector management, including community-based health 
education program, and environmental management, would be sustainable effort for 
dengue control and prevention.  
 
3.6 CONCLUSION     
This study revealed that water storage containers, such as earthen jars, tanks, and 
drums were consistently more likely to contain Aedes larvae. Another important breeding 
site was the abandoned tires.  Ae. aegypti was found to be the dominant indoor breeder. 
Ae. albopictus showed higher affinity for outdoor containers compared to indoor 
containers. We have also found that independent households, having water storage 
system in the household and having fully/partly shaded outdoor premise were 
significantly associated with household infestation of Aedes larvae.  
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Until a vaccine, clinical cure, or genetic strategy is available, control of dengue 
will continue to depend on suppression of the vector populations or interference of the 
vector- human interaction. Generalized community clean-up campaigns of vector 
breeding sites have had only a transient and limited effect, if at all, on disease incidence. 
The identification and subsequent elimination of the most Aedes mosquito producing 
containers in a given area may potentially reduce mosquito density below a critical 
threshold, which could result in more efficient and cost-effective control campaigns.  
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NTDs are a group of infectious diseases affecting more than 1 billion people 
worldwide; mostly those living in remote rural areas, urban slums or conflict zones. 
Beyond their negative impact on health, NTDs contribute to an ongoing cycle of poverty 
and stigma. The global health community and the international organizations infer that 
control of NTDs represent the opportunity to alleviate poverty in the world’s poorest 
populations, with a direct impact on the achievement of the Millennium Development 
Goals. NTDs have become a public health burden in Bangladesh as a large number of 
people is affected each year by these communicable diseases. Marginalized population 
and the poorest of the poor, often with limited accessibility to health care, are more 
affected by these diseases. This necessitates effective and sustainable public health 
intervention strategies to reduce and eliminate the burden caused by these diseases. 
In my study, I have analyzed 2 large scale studies on visceral leishmaniasis and 
dengue, two of the most prevalent NTDs in Bangladesh, in quest of effective and 
sustainable control strategies.  
The study on VL shows that community-based active surveillance using a simple 
diagnostic tool (rK39 dipstick test) would be able to substantially increase the case 
reporting. Early case reporting and referral for treatment could significantly reduce the 
source of infection within the community, which resulted in a notably decreased 
incidence rate of clinical leishmaniasis. Some personal protection measures, such as 
using mosquito control measures (dhup, mosquito coil), and using bed net can 
significantly reduce the chance of getting infected by preventing vector-man contact. 
Neem oil intervention was not found directly effective to control VL, however proportion 
analysis shows that the proportion of clinical leishmaniasis case reporting was 
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significantly decreased in the neem intervention area. Therefore, we may assume that 
neem intervention, along with active disease surveillance, played an important role to 
decrease the incidence rate of clinical leishmaniasis. Neem oil would be a favorable 
option as an environment-friendly, well accepted and cost effective measure to control 
VL among the marginalized poor of the endemic areas. However, further research 
evidence and innovative application technique is required with the support of local 
government and international organization. 
Study on dengue larval habitats revealed that water storage containers, such as 
earthen jars, tanks, and drums were consistently more likely to contain Aedes larvae. 
Another important breeding site was the abandoned tires.  Ae. aegypti was found to be the 
dominant indoor breeder. Ae. albopictus showed higher affinity for outdoor containers 
compared to indoor containers. We have also found that independent households, having 
water storage system in the household and having fully/partly shaded outdoor premise 
were significantly associated with household infestation of Aedes larvae. Until a vaccine, 
clinical cure, or genetic strategy is available, control of dengue will continue to depend 
on suppression of the vector populations or interference of the vector- human interaction. 
It is, however, a futile exercise to keep on killing mosquitoes in the presence of an almost 
unlimited number of breeding sites, for the larvae laid at these sites soon grow into adult 
mosquitoes. For the same reason, generalized community clean-up campaigns of vector 
breeding sites have had only a transient and limited effect, if at all, on disease incidence. 
Once the most productive key containers are identified, targeted control of dengue 
vectors becomes more affordable and feasible. At the same time, targeted vector control 
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can help minimize the use of chemicals that may be costly and have other long-term 
health and environment impacts. 
I hope that the study results would reinforce the NTDs elimination program by 
focusing on the specific needs and targeted control measures effective for each NTD. In 
future, I would like to continue my research on NTDs to propose a compact vector 
control measure for the vector-borne NTDs in Bangladesh.   
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Table 2.1:  Characteristics of the study subjects (n = 6761) and households (n = 1550) 
 No. % Intervention 
area 
(n = 3355) 
Control 
area 
(n = 3406) 
P-
value 
Age, years (n = 6761)        
          3-14 2344 34 .7 1158  1186  
0.16           15-45 3365 49 .8 1647  1718  
          >45 1052 15 .6 550  502  
Sex (n = 6761)        
          Male 3429 50 .7 1675  1754  
0.19           Female 3332 49 .3 1680  1652  
Education of household head, years  
(n = 1550) 
       
          0 1129 72 .9 572  557  0.33 
 
 
          1-5 232 15 .0 113  119  
          >5 189 12 .2 85  104  
Have own land (n = 1550) 923 59 .5 461  462  0.79 
Have electricity in the house (n = 1550) 168 10 .8 38  130  <0.0001 
Share a bedroom with others (n = 1550) 1110 71 .6 557  553  0.53 
Have domestic animals (n = 1550) 1130 72 .9 543  587  0.04 
Have a cattle shed on the premises  
(n = 1550) 
671 43 .3 322  349  0.24 
 
 
Use mosquito-control measures at night  
(n = 1550) 
363 23 .4 143  220  <0.0001 
 
          Mosquito coil 131 36 .1 69  62  <0.0001 
           Smoke (burning straw etc.) 232 63 .9 74  158  
Frequency of use of mosquito-control 
measures (n = 363) 
       
 
          Always 62 17 .1 22  40  0.001 
 
 
          Sometimes 269 74 .1 118  151  
          Only in summer 32 8 .8 3  29  
Use bed net at night (n=1550) 1428 92 .1 681  747  <0.0001 
 
Frequency of bed-net use (n=1428)        
          Always 340 23 .8 209  131  
<0.0001           Sometimes 953 66 .7 437  512  
          Only in summer 135 9 .5 33  102  
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Table 2.2:  Incidence of clinical leishmaniasis in the study area 
*
p < 0.05 
**
p < 0.001 
 
 
 
 
 
 
 
 
 
 
 
 No. 
 
Incidence 
(per 10,000) 
Relative risk (RR)
 
(95% CI) 
Clinical leishmaniasis in 2006 96 141.9 reference 
Clinical leishmaniasis in 2007 133 196.7 1.38
* 
(1.07-1.79) 
Clinical leishmaniasis in 2008 19 28.1 0.19
** 
(0.12-0.32) 
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Table 2.3: Comparison of proportions of clinical leishmaniasis cases between intervention and control area 
 Intervention area 
(n = 3355) 
Control area 
(n = 3406) 
P-value Rate Ratio 
(95% CI) 
in 2006 (before intervention) 79 17 <0.001 5.72 
(0.0069- 0.0139) 
one year after intervention 80 53 0.01 
2.16 
(0.0004-0.0133) two years after intervention 
 
12 07 0.24 
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Table 2.4: Regression models for the association between neem intervention and clinical leishmaniasis cases during the 
intervention 
Regression models 
 
Relative Risk 
(RR) 
95% CI P-value 
Neem intervention only 
 
1.56 1.13-2.18 0.01 
Neem intervention, Use mosquito-control measures at night 
  
1.49 1.08-2.08 0.02 
Neem intervention, Use bed net at night 
 
1.54 1.10-2.14 0.01 
Neem intervention, Have electricity in the house 
 
1.46 1.04-2.03 0.03 
All variables above 
 
1.36 0.98-1.92 0.07 
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Table 2.5: Restricted factor analysis for clinical lesihmaniasis cases in the intervention areas 
 Intervention area 
Cases/ Total 
Control area 
Cases/ Total 
Unadjusted RR 
(95% CI) 
P-value Adjusted RR 
(95% CI) 
P-value 
Did not use any mosquito-control 
measures at night 
76/2705 51/2358 1.31 
(0.91-1.87) 
0.14 1.18
†
 
(0.82-1.69) 
 
 
0.38 
Did not use bed net at night 17/402 0/137 -- 0.01 -- 
 
 
 
Did not have electricity in the house 89/3170 56/2809 1.42 
(1.01-1.99) 
0.04 1.31
‡
 
(0.93-1.85) 
 
 
0.012 
†
Adjusted by use of bed net at night and had electricity in the households
 
‡ 
Adjusted by use of any mosquito-control measures at night and use of bed net at night 
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Table 2.6:  Factors related to clinical leishmaniasis 
 Clinical leishmaniasis 
No. of cases 
Univariate 
analysis
†
 
Multivariate 
analysis
‡
 
 RR (95% CI) RR (95% CI) 
Age, y    
          3-14 111 2.17 (1.39-3.37)
**
 2.17 (1.39-3.37)
**
 
          15-45 114 1.55 (0.99-2.41) 1.59 (1.02-2.47)
*
 
          >45 23 reference reference 
Sex    
          Male 140 1.26 (0.98-1.61) 1.26 (0.99-1.62) 
          Female 108 reference reference 
Have electricity in the house    
          No 239 3.40 (1.76-6.59)
***
 2.99 (1.56-5.75)
**
 
          Yes 9 reference reference 
Use mosquito-control measures at night    
          Never 203 1.49 (1.09-2.06)
*
 1.41 (1.03-1.92)
*
 
          Always/sometimes 45 reference reference 
Use bed net at night    
          Never 37 2.02 (1.44-2.84)
***
 1.96 (1.40-2.75)
***
 
          Always/sometimes 211 reference reference 
†
Univariate Poisson regression analysis 
‡
Multivariate Poisson regression analysis adjusted for age, sex, having electricity in the house, use of 
mosquito-control measures at night, and use of bed nets at night 
*
p < 0.05 
**
p < 0.01 
***
p < 0.001 
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 Number 
inspected 
Number 
positive 
Percentage 
House types  9222 1306 14.2 
 Independent houses 1890 352 18.6 
 Multi-storey houses 3651 466 12.8 
 Semi-permanent houses 2801 364 12.9 
 Slum houses 771 110 14.3 
 Others 109 14 12.8 
Number of Wet Containers 
by location 
 
38,777 2272 5.7 
 Indoor 12,499 384 3.1 
 Outdoor 21,902 1714 7.8 
 Rooftop 4376 174 3.9 
Table 3.1: Summary of the entomological survey 
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Indices  
House index (HI) 
 
14.2 
Breteau index (BI) 
 
24.6 
Container index (CI) 
 
5.9 
Table 3.2: Aedes Larval population indices 
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Table 3.3: Container productivity for Aedes larvae in different locations 
Aedes aegypti 
 Total larvae 
%   of 
total larvae 
Cumulative 
% of 
total larvae 
Indoor    
Tank 255161 80.2 80.2 
Earthen jar 32159 10.1 90.3 
Bucket 16659 5.2 95.5 
Drum 9712 3.1 98.6 
Flower pot 1852 0.6 99.2 
 
Outdoor    
Tank 721182 46.1 46.1 
Earthen jar 328079 20.9 67.0 
Bucket 192673 12.3 79.3 
Drum 141372 9.0 88.3 
Tire 48211 3.1 91.4 
Can & bottle 47239 3.0 94.4 
 
Rooftop    
Bucket 28113 71.1 71.1 
Tire 3294 8.3 79.4 
Drum 2996 7.6 87.0 
Flower pot 2521 6.4 93.4 
Earthen jar 841 2.1 95.5 
 
Overall    
Tank 976473 50.8 50.8 
Earthen jar 361079 18.8 69.6 
Bucket 237444 12.3 81.9 
Drum 154080 8. 0 89.9 
Tire 51696 2.7 92.6 
Can & bottle 48217 2.5 95.1 
Flower pot 7788 0.4 95.5 
 
Aedes albopictus 
 Total larvae 
%   of 
total larvae 
Cumulative 
% of 
total larvae 
Indoor    
Flower pot 1222 35.6 35.6 
Tank 1149 33.5 69.1 
Drum 515 14.9 84.0 
Earthen jar 126 3.7 87.7 
Bucket 21 0.6 88.3 
 
Outdoor    
Earthen jar 945044 86.2 86.2 
Tire 38151 3.5 89.7 
Can & bottle 33059 3.0 92.7 
Tank 30380 2.8 95.5 
Drum 4464 0.4 95.9 
Bucket 1452 0.1 96.0 
 
Rooftop    
Flower pot 2888 72.8 72.8 
Tire 465 11.7 84.5 
Bucket 420 10.6 95.1 
Earthen jar 85 2.1 97.2 
Drum 12 0.3 97.5 
 
Overall    
Earthen jar 945255 85.6 85.6 
Tire 38638 3.5 89.1 
Can & bottle 33111 2.9 92.0 
Tank 31562 2.8 94.8 
Drum 4991 0.4 95.2 
Bucket 1893 0.2 95.4 
Flower pot 10019 0.9 96.3 
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 Number 
of 
houses 
Number of 
infested 
houses (%) 
Unadjusted 
OR
†
 
95% CI P-value
 σ
 Adjusted 
OR
‡
 
95% CI P-value
 σ
 
Type of houses          
Independent houses 1890 352 (18.6) 1.56 1.35 – 1.82 <0.001 1.57 1.35 – 1.83 <0.001 
Semi-permanent houses 2801 364 (13.0) 1.02 0.88 – 1.18 0.78 1.12 0.96 – 1.29 0.16 
Slum houses 771 110 (14.3) 1.01 0.57 – 1.79 0.96 0.96 0.54 – 1.70 0.89 
Multi-storey houses 3651 466 (12.8) 1   1   
Had water storage system         
Yes 2575 437 (17.0) 1.50 1.29 – 1.75 <0.001 1.55 1.33 – 1.82 <0.001 
No 6647 869 (13.1) 1   1   
Used mosquito spray/coil/smoke         
Yes 3914 553 (14.1) 1.01 0.89 – 1.13 0.94 − − − 
No 5281 753 (14.3) 1      
Used insecticide during the last 1 month         
Yes 6747 969 (14.4) 1.06 0.93 – 1.27 0.36 − − − 
No 2475 337 (13.6) 1      
Had fully/partly-shaded outdoor premises         
Yes 4065 695 (17.1) 1.55 1.38 - 1.75 <0.001 1.51 1.34 – 1.70 <0.001 
No 2759 611 (22.1) 1   1   
Table 4:Table 3.4:  Risk factors for houses of being infested with Aedes larvae 
†Univariate logistic regression analysis 
‡Multivariate logistic regression analysis adjusted by the variables with p < 0.1 (i.e., type of houses, had water storage system, had fully/partly-shaded outdoor premises) 
σWald chi-square test  
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 Figure 2.1: Study area 
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Figure 3.1: Dhaka City 
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Figure 3.2a: Number of wet containers at different locations 
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Figure 3.2b: Percentage of wet containers infested with Aedes larvae 
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Figure 3.2c: Positive percentage of wet container 
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Figure 3.3: Two-dimensional presentation for relative risk of 
wet containers; a) indoor, b) outdoor, c) rooftop, d) overall 
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Figure 3.4: Number of Aedes larvae by locations 
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